In 2006, Centers for Disease Control and Prevention (CDC) recommended HIV screening in healthcare or clinical settings for all persons aged 13-64 years and annual rescreening for populations at high risk for HIV. We used the Behavioral Risk Factor Surveillance System to describe the prevalence and trends of ever tested for HIV and tested for HIV in the past 12 months among US adults. The percentage of ever tested increased from 42.9% in 2011 to 45.9% in 2017; testing in the past 12 months increased from 13.2% in 2011 to 14.8% in 2017. Despite these increases, less than half of US adults have ever been tested for HIV over ten years after CDC's recommendations. Increasing the prevalence of routine HIV screening and rescreening among individuals at high risk will reduce the number of undiagnosed persons with HIV infection and thus prevent new HIV infections-a key strategy in the Ending the HIV Epidemic initiative.
Introduction
Since 2013, the estimated number of new HIV infections in the United States has leveled off at about 39,000, with the highest number of new HIV infections among persons aged 25-34 years, blacks or African Americans (hereafter referred to as blacks), Hispanic/Latinos, and gay, bisexual, and other men who have sex with men (collectively referred to as MSM) in 2016 [1] . Knowledge of HIV status is important in order for persons to gain access to proper HIV medical care, which can improve quality of life, extend life expectancy, and modify behaviors that could prevent transmission to others [2] ; however, about 14% of persons infected with HIV were unaware of their status in 2016 [1] . HIV testing identifies persons with HIV infection, allowing these individuals to be become aware of their HIV status and to seek timely and proper medical care and treatment, thus reducing adverse HIV-related health outcomes. Furthermore, knowledge of HIV status is important for reducing HIV transmission, as approximately 40% of new HIV infections are transmitted by people who do not know they have the virus [3] . "Diagnosing all individuals with HIV as early as possible after infection" is one of the four pillars of the new Ending the HIV Epidemic initiative, which aims to reduce the number of new infections by 75% within five years and then by 90% within ten years [4] .
HIV testing has long been an integral part of HIV prevention. In 2006, Centers for Disease Control and Prevention (CDC) released the Revised Recommendations for HIV Testing of Adults, Adolescents, and Pregnant Women in Health-Care Settings (hereafter referred to as revised recommendations). The revised recommendations recommend screening for HIV (i.e., testing at least once, regardless of clinical signs or symptoms) for all persons aged 13-64 years, as well as rescreening at least annually for populations at high risk for HIV infection (i.e., people who inject drugs and their sex partners; people who exchange sex for money or drugs; sex partners of HIV-infected people; MSM; or heterosexuals who themselves or whose sex partners have had more than 1 sex partner since their most recent HIV test) [5] . Subsequent Disclaimer The findings and conclusions in this article are those of the authors and do not necessarily represent the official position of the Centers for Disease Control and Prevention.
Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s1046 1-019-02689 -0) contains supplementary material, which is available to authorized users. to these recommendations, CDC funded expanded testing initiatives in select health department jurisdictions in 2007 [6] , followed by high-impact prevention programs beginning in 2012, which included increased funding for HIV testing in high-prevalence areas [7] .
Earlier studies-with varying methodologies, age ranges, and time periods-have examined HIV testing prevalence and trends prior to and shortly after the revised recommendations. Among those aged 15-44 years, the National Survey of Family Growth (NSFG) found that 59% of women reported ever being tested for HIV in 2006-2010 compared with 55% in 2002; among men, the percentage of ever tested decreased from 47% in 2002 to 42% in 2006-2010. In 2006-2010, 21% of women and 13% of men reported being tested in the past 12 months [8] . According to a CDC report examining 2010 National Health Interview Survey (NHIS) data, 45.0% of adults aged 18-64 years reported ever being tested for HIV and 10.1% were tested in the past 12 months. From 2000 to 2010, the percentage of ever tested increased significantly overall and among all race/ethnicity groups, persons aged 25-64 years, and males and females; the percentage of tested in the past 12 months only increased significantly among blacks and Hispanic/Latinos and decreased significantly among whites and persons of other race/ethnicity [9] . Finally, another study, using 2003-2006 and 2007-2010 National Health and Nutrition Examination Survey (NHANES) data among adults aged 18-59 years, found statistically significant increases in percentage of ever tested for HIV among males, blacks, and persons aged 50-59 years, but the overall increase (2003-2006: 42.1%; 2007-2010: 44 .5%) was only significant after adjusting for predictors in a multivariable model [10] .
More recent studies, however, have assessed HIV testing among specific subpopulations [11, 12] or have provided aggregate data among the general population but have not examined trends in HIV testing over time [13, 14] . A systematic review examining studies from 2005 to 2014 found that 63% to 91% of MSM had been ever tested for HIV, but only 39% to 67% were being tested annually as per the revised recommendations [11] . Among younger populations, an average of 22% of high school students in 2005-2013 who ever had sexual intercourse and 33% of young adults aged 18-24 years in 2011-2013 reported being ever tested for HIV [12] . The percentage of persons ever tested for HIV according to 2006-2016 General Social Survey (GSS) data was approximately 40% [13] , whereas 2011-2015 NSFG data found that 39% of women and 54% of men had never been tested for HIV [14] . In the geographic areas that are the initial focus of the Ending the HIV Epidemic initiative [4] , 46.9% of respondents were ever tested for HIV and 14.5% in the past 12 months in the 50 local jurisdictions; for the seven states, 35% of respondents were ever tested for HIV and 9.3% in the past 12 months [15] .
Given the importance of HIV testing in the first pillar of the Ending the HIV Epidemic initiative [4] , it is important to monitor HIV testing trends at the national level. Understanding the trends of HIV testing will allow CDC to track progress of HIV testing in the period before and in the years following the implementation of the Ending the HIV Epidemic initiative [4] , as well as within the context of the revised recommendations [5] . Thus, the purpose of this manuscript is to describe the prevalence and trends of ever tested for HIV and tested for HIV in the past 12 months in recent years among a large nationally representative sample of US adults.
Methods

Data Source
The Behavioral Risk Factor Surveillance System (BRFSS) is an annual cross-sectional survey among non-institutionalized US adults aged 18 years and older that collects data on health-related risk behaviors, chronic health conditions, and use of preventive services [16] . Respondents' data are weighted to generalize sample results to the population of non-institutionalized adults and provide nationally representative estimates. Prior to 2011, BRFSS was conducted using Random Digit Dialing sampling of landline telephones only. Starting in 2011, BRFSS expanded coverage to include respondents who received 100% of their calls on cell phones. Due to this change in methodology, we did not analyze data prior to 2011. Despite this limitation, we determined BRFSS to be the best data source at this time to assess HIV testing and monitor trends among the general population [17] , as it provides recent and annual data as well as adequate sample sizes.
Inclusion Criteria
This analysis used BRFSS data based on the following inclusion criteria. Firstly, only data from respondents aged 18-64 years were included, in order to align with the age group of the revised recommendations [5] . Secondly, respondents must have definitively answered "yes" or "no" for the question of whether they were ever tested for HIV ("Have you ever been tested for HIV? Do not count tests you may have had as part of a blood donation. Include testing fluid from your mouth."). Respondents with responses of "don't know/not sure" or no responses (i.e., not asked, missing, refused) were excluded from analysis, as to minimize underestimation of HIV testing and to be consistent with similar prior analyses [9, 10, 13, 15, 18] . The distribution of responses is provided in Supplementary Table I . For the purpose of this manuscript, HIV testing encompasses both routine screening and diagnostic or targeted testing.
In order to determine whether respondents were tested in the past 12 months, respondents must have provided at least the year of their last test ("Not including blood donations, in what month and year was your last HIV test?"). If the year of the test was the year before the interview, June-as a mid-point to the calendar year-was imputed. This allowed for the assumptions that (1) among those not providing the month of the test (i.e., only providing year), the distribution of those tested in the past 12 months was the same as those not tested in the past 12 months; and (2) among those tested in the past 12 months, half of those tests occurred in the first six months of the year and the other half in the last six months of the year. Excluding respondents with missing month data (i.e., assuming respondents were not at all tested in the past 12 months) would have underestimated the outcome.
Data Analysis
We estimated the percentage of the US population ever tested for HIV and tested for HIV in the past 12 months during 2011-2017 overall and by race/ethnicity (white, black, Hispanic/Latino, other race/ethnicity [i.e., Asian, American Indian/Alaska Native, Native Hawaiian/Pacific Islander, multiracial, and other race]), age (18-24 years, 25-34 years, 35-44 years, 45-64 years), and sex (male, female).
We also estimated the percentage of ever tested for HIV and tested for HIV in the past 12 months among those with at least one HIV risk behavior in 2011, 2012, 2016, and 2017; the question was not asked in 2013, 2014, or 2015. In 2011 and 2012, 2.7% and 2.9% ( Supplementary Table I ) of respondents, respectively, reported having at least one HIV risk behavior: using intravenous drugs in the past year; being treated for a sexually transmitted or venereal disease in the past year; giving or receiving money or drugs in exchange for sex in the past year; and/or having anal sex without a condom in the past year. In 2016, having four or more sex partners in the past year was added to the HIV risk behavior question; 4.9% of respondents reported having at least one HIV risk behavior. The HIV risk behavior question was further modified in 2017: injecting any drug other than those prescribed in the past year; being treated for a sexually transmitted disease or STD in the past year; giving or receiving money or drugs in exchange for sex in the past year; having anal sex without a condom in the past year; and/or having four or more sex partners in the past year. In 2017, 5.1% of respondents reported having at least one HIV risk behavior.
We conducted analyses in SAS version 9.4 and SUDAAN to account for the complex sample design of BRFSS and to incorporate analysis weights provided for that purpose. We measured each outcome as percentage (weighted) of persons tested, with associated 95% confidence intervals (CIs). We also estimated population totals of persons tested by using the sum of the analysis weights.
We also examined HIV testing prevalences over time to observe whether trends increased, decreased, or remained stable. We used orthogonal contrasts in SUDAAN to calculate p-values for linear trends for ever tested for HIV and tested for HIV in the past 12 months overall and by race/ ethnicity, age, and sex. A significant linear trend indicated that testing increased or decreased over the years compared; a non-significant linear trend suggested stable prevalences or no clear pattern of change. We used a lower significance threshold of p < 0.01 due to the large sample sizes available for analysis.
Given that the outcomes of ever tested for HIV and tested for HIV in the past 12 months were dichotomous, we calculated estimated annual percent change (EAPC) to quantify magnitude of linear trends. Using the assumption of linearity on the log scale (i.e., assuming a constant rate of change), the EAPC was calculated as the difference in the model-predicted testing prevalence between successive years, divided by baseline prevalence. This measure quantified the rate of change over time and indicated the direction of change: a positive EAPC corresponded to an increasing trend, while a negative EAPC corresponded to a decreasing trend; a slope of zero implied no change between the beginning and ending time points. Because the method of contrasts is generally considered a more robust way of assessing trends, we calculated EAPC only to quantify the magnitude of change (i.e., p-value refers to significance of linear trend and not EAPC). However, significance of trends generally leads to the same conclusions despite the different underlying assumptions of contrasts and EAPC, although the relationship between EAPC and p-values may not be monotonic (e.g., greater magnitude of EAPC may not necessarily result in a more significant p-value; this may be due to the differing sizes of subpopulations).
Results
Ever Tested for HIV
The percentage of persons reporting ever being tested for HIV increased significantly from 42.9% in 2011 to 45.9% in 2017 (Table 1 ; linear contrast p < 0.001; EAPC = 0.46), indicating that an estimated 4,314,000 more persons reported being ever tested in 2017 compared to 2011 ( Supplementary  Table II ).
By race/ethnicity, the percentage of ever tested for HIV in 2017 was highest among blacks (68.6%), followed by Hispanic/Latinos (48.1%), whites (41.6%), and persons of other race/ethnicity (38.4%); the percentage of ever tested for HIV increased significantly from 2011 to 2017 among whites (p < 0.001; EAPC = 0.54) and Hispanic/ Latinos (p = 0.0012; EAPC = 0.36). The percentage of ever tested for HIV in 2017 was highest among persons aged 35-44 years (58. . The percentage of ever tested in 2017 for HIV was higher among females (48.8%) than males (42.9%); the percentage of ever tested increased significantly for both sexes from 2011 to 2017 (p < 0.001 for both; EAPC = 0.47 for females; EAPC = 0.44 for males).
The percentage of ever tested for HIV among those reporting at least one HIV risk behavior was 68.1% in 2011, 66.2% in 2012, and 65.2% in 2016 and 2017 (compared to In 2011 and 2012, having HIV risk behavior was defined as answering yes to any of the following: you have used intravenous drugs in the past year; you have been treated for a sexually transmitted or venereal disease in the past year; you have given or received money or drugs in exchange for sex in the past year; you had anal sex without a condom in the past year. In 2016, having an HIV risk behavior was defined as answering yes to any of the following: you have used intravenous drugs in the past year; you have been treated for a sexually transmitted or venereal disease in the past year; you have given or received money or drugs in exchange for sex in the past year; you had anal sex without a condom in the past year; you had four or more sex partners in the past year. In 2017, having an HIV risk behavior was defined as answering yes to any of the following: you have injected any drug other than those prescribed for you in the past year; you have been treated for a sexually transmitted disease or STD in the past year; you have given or received money or drugs in exchange for sex in the past year; you had anal sex without a condom in the past year; you had four or more sex partners in the past year 
Tested for HIV in the Past 12 Months
The percentage of persons reporting being tested for HIV in the past 12 months increased significantly from 13.2% in 2011 to 14.8% in 2017 ( Table 2 ; p < 0.001; EAPC = 0.23), indicating that an estimated 2,035,000 more persons reported being tested in the past 12 months in 2017 compared to 2011 ( Supplementary Table III ). By race/ethnicity, the percentage of tested for HIV in the past 12 months in 2017 was highest among blacks (34.1%), followed by Hispanic/Latinos (17.6%), persons of other race/ethnicity (12.8%), and whites (10.5%); percentage of tested in past 12 months for HIV increased significantly from 2011 to 2017 for whites (p < 0.001; EAPC = 0.20) and blacks (p = 0.0039; EAPC = 0.33). The percentage of tested In 2011 and 2012, having HIV risk behavior was defined as answering yes to any of the following: you have used intravenous drugs in the past year; you have been treated for a sexually transmitted or venereal disease in the past year; you have given or received money or drugs in exchange for sex in the past year; you had anal sex without a condom in the past year. In 2016, having an HIV risk behavior was defined as answering yes to any of the following: you have used intravenous drugs in the past year; you have been treated for a sexually transmitted or venereal disease in the past year; you have given or received money or drugs in exchange for sex in the past year; you had anal sex without a condom in the past year; you had four or more sex partners in the past year. In 2017, having an HIV risk behavior was defined as answering yes to any of the following: you have injected any drug other than those prescribed for you in the past year; you have been treated for a sexually transmitted disease or STD in the past year; you have given or received money or drugs in exchange for sex in the past year; you had anal sex without a condom in the past year; you had four or more sex partners in the past year and decreased significantly for persons aged 18-24 years (p = 0.0027; EAPC = − 0.28) and 25-34 years (p = 0.007; EAPC = − 0.19). The percentage of tested for HIV in the past 12 months in 2017 was higher among females (15.6%) than males (14.0%); percentage of tested in the past 12 months increased significantly from 2011 to 2017 for both sexes (p < 0.001 for both; EAPC = 0.24 for females; EAPC = 0.22 for males). The percentage of tested for HIV in the past 12 months among those reporting at least one HIV risk behavior was 32.8% in 2011, 32.3% in 2012, 32.9% in 2016, and 34.2% in 2017 (compared to 12.7% in 2011, 11.7% in 2012, 11.5% in 2016, and 13.1% in 2017 among those not reporting any HIV risk behaviors).
Discussion
From 2011 to 2017, the prevalence of persons aged 18-64 years in the United States reporting ever being tested for HIV increased from 42.9% to 45.9%, resulting in an estimate of 4.3 million more persons being ever tested in 2017 compared to 2011. The prevalence of ever tested for HIV also increased during 2011-2017 for whites and Hispanic/Latinos; persons aged 35-44 years and 45-64 years; and both males and females. Approximately two-thirds of persons reporting at least one HIV risk behavior had been ever tested for HIV. The prevalence of ever tested for HIV decreased over time among those aged 18-24 years and 25-34 years, despite the suggestion that the optimal age for HIV screening among adolescents and young adults without identified risk factors is 25 years [19] . This decrease, coupled with a concern that young people have low awareness about advances in HIV prevention and treatment and misperceptions about HIV transmission [20] , may indicate a potential risk for increased HIV infections and transmission in this population.
Despite the percentage increases of ever tested overall and in most subpopulations, the improvement of HIV testing in the general population over time has been suboptimal, especially in comparison to prior national studies with varying methodologies [8] [9] [10] that were conducted before or shortly after the revised recommendations [5] . Less than half of US adults aged 18-64 years reported ever being tested for HIV in accordance with the revised recommendations [5] , suggesting that missed opportunities for HIV screening remain.
Among the 39,720 persons with HIV infection diagnosed in 2015, the estimated median diagnosis delay was 3 years [21] . Among MSM and persons who inject drugs, about half of those who were unaware of their HIV infection had reported not being offered HIV testing despite visiting a clinician in the past year [22] .
The percentages of ever tested among those reporting at least one HIV risk behavior were slightly higher in 2011 and 2012 than in 2016 and 2017, even though the prevalence of reporting at least one HIV risk behavior was higher in 2016 and 2017 (likely due to an additional response component). To date, all states but one have implemented opt-out HIV testing, which eliminates separate written consent for HIV testing and instead notifies patients of HIV testing under a general informed consent for medical care [23, 24] . Thus, it is possible that persons were not aware they were being tested for HIV in the more recent years, resulting in the slightly lower percentages of ever tested in the later years among those reporting at least one HIV risk behavior, especially since this is a population where HIV testing was more prevalent to begin with.
The prevalence of being tested for HIV in the past 12 months overall increased from 13.2% in 2011 to 14.8% in 2017, with about one-third of those reporting at least one HIV risk behavior having been tested for HIV in the past 12 months. Although we could not assess the changes in percentage of testing for HIV in the past 12 months nationally over time among individual populations at high risk for HIV infection (e.g., MSM) with BRFSS data, our findings are consistent with data from GSS [13] , which found that less than 50% of persons at high risk for HIV were tested for HIV in the past year-despite the recommendation that these persons should be screened at least annually [5] . CDC recently updated guidelines for screening MSM, suggesting that although sexually active MSM should be screened at least annually, clinicians can consider the potential benefits of more frequent HIV testing (e.g., every 3 or 6 months) for some asymptomatic sexually active MSM based on their individual risk factors, local HIV epidemiology, and local policies [11] . Certain jurisdictions, such as Seattle/King County, New York City, and San Francisco, have already implemented more frequent screening for MSM [11] .
To support implementation of the revised recommendations [5] and help address the goals of the Ending the HIV Epidemic initiative [4] , more routine HIV screening needs to be conducted in the United States. Routine HIV screening is a vital part of HIV prevention because it reaches persons who would not have been otherwise tested based on risk behaviors or provider assessment, is typically less costly than targeted testing (as it can be added to other laboratory tests during a clinical visit), results in considerably higher number of individuals tested and diagnosed, and helps to reduce the stigma of HIV testing [5] . However, targeted testing is still needed to reach persons who do not have access to or are less likely to access the healthcare system (e.g., youth, racial/ethnic minorities). Better understanding is needed to determine the appropriate combination of routine screening and targeted testing in communities based on their local epidemiology and available infrastructure, which would help to direct funding to programs accordingly.
Healthcare providers can continue to strengthen HIV screening efforts among all persons in clinical settings and continue rescreening efforts among persons at high risk for HIV. Healthcare providers can incorporate HIV testing for all persons and for persons at high risk into standard clinical practice through institutional policy changes, electronic health record prompts, and provider education [25, 26] . In non-clinical settings, public health practitioners can expand access to HIV testing, especially among populations at high risk for HIV, through strategies such as social marketing and networking and couples-based HIV testing and counseling [27] , as well as promoting home testing [28] . Funding opportunities, such as CDC's Integrated HIV Surveillance and Prevention Programs for Health Departments [29] , support HIV screening efforts throughout the United States, especially among populations at high risk for HIV. Increasing the prevalence of HIV screening for both the general population and populations at high risk for HIV will help to reduce diagnosis delays, improve linkage to care, and reduce HIV transmission [2, 5] .
This analysis is subject to a few limitations. Although BRFSS contained a question regarding HIV risk behaviors, it was not asked annually, response components varied over time, and we were not able to assess HIV testing nationally by individual populations at high risk for HIV because the HIV risk behavior question could not be stratified by its components and because the core BRFSS questionnaire did not include relevant questions (i.e., questions about sexual orientation and gender identity are part of an optional module). Another limitation to this analysis was the potential for sample bias since certain populations that might be at high risk for HIV [30, 31] may not have been surveyed; homeless persons [30] may not have access to cell phones and incarcerated persons [31] are not included in the sampling of the survey. Recall bias given the self-report nature of the survey was another limitation. The latter limitations, in combination with the implementation of opt-out testing [23, 24] , could have underestimated the percentages of ever tested for HIV and tested for HIV in the past 12 months.
Since ever being tested can change in only one direction (i.e., from never to ever), it could be expected that the prevalence would steadily increase every year. However, because our study population was adults aged 18 to 64 years for repeated cross-sectional surveys, the cohort changed as individuals aged into or out of it. Deaths and in-and outmigration would have also affected the cohort. If younger persons (i.e., those coming into the cohort) test at higher rates than older persons (i.e., those aging out of it), this would tend to increase the prevalence of ever tested; if that is not the case, then the prevalence would tend to remain stable (or potentially even decrease). In our analysis, we found a statistically significant change in prevalence over time, but the absolute difference in percentages was not large (i.e., three percentage points). Similar considerations apply when one examines testing by age group since individuals age into and out of these cohorts and are defined by narrower age ranges. For our results, it is possible that the slight increase in ever being tested overall was because the decline in ever being tested among the entrants into the cohort was not as large as the increase in ever being tested among those remaining in the cohort.
Finally, because of changes in BRFSS methodology, we were not able to assess HIV testing prior to 2011. However, in comparison to other nationally representative surveys, we determined BRFSS to be the best data source at this time for assessing HIV testing trends among the general population. NHIS changed the location and context of its HIV-related questions in 2011, resulting in variability of estimates before and after 2011 [17] , and NHANES and GSS have smaller sample sizes, as does NSFG, which is further limited to the age range of 15-44 years. However, it is possible that the statistically significant results in this analysis may have been driven by the large sample sizes available in BRFSS.
Conclusions
Over ten years after CDC's revised recommendations of HIV screening at least once in a lifetime for all persons aged 13-64 years and at least annually for those at high risk [5] , less than half of US adults reported being ever tested for HIV and only about 15% were tested in the past 12 months. This suboptimal improvement in comparison to prior studies examining testing trends before or shortly after the revised recommendations [8] [9] [10] , in addition to the many missed opportunities for HIV screening that have been documented elsewhere [21, 22] , suggest that increasing the prevalence of HIV screening for both the general population and populations at high risk for HIV would help to achieve the Ending the HIV Epidemic initiative's first pillar of diagnosing persons with HIV infection as early as possible [4] . This would then reduce diagnosis delays, improve linkage to care and treatment, reduce adverse HIV-related health outcomes, and decrease HIV transmission [21] .
